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TITLE OF THE INVENTION 

HMG-CoA REDUCTASE INHIBITORS IN THE NORMALIZATION 
OF VASCULAR ENDOTHELIAL DYSFUNCTION 

BACKGROUND OF THE INVENTION 

The vascular endothelium which lines the blood vessels is a 
widely distributed organ interposed between the intravascular and 
extravascuiar spaces. It has many functions in the regulating vessel 
diameter, varying blood flow, maintaining of vascular homeostasis, and 
the vascular response to injury. In the normal basal physiological state 
the endothelium provides a nonthrombotic, noninflammatory vascular 
lining. Endothelial cells respond to potential harmful conditions 
(mechanical stress, anoxia, ischemia and oxidative stress) and a variety of 
hormones and vasoactive mediators by inducing coagulation and 
production of inflammatory mediators through the production of 
bioactive compounds. 

The vascular endothelium plays a critical role in mediating 
primarily vasodilation, but also vasoconstriction. In response to 
vasoactive stimuli such as acetylcholine (ACh), ATP, ADP, bradykinin, 
arachidonic acid, histamine, thrombin, serotonin, and substance P, the 
endothelium produces and releases a highly labile substance called 
endothelium-derived relaxing factor (EDRF). EDRF is believed to be 
nitric oxide (designated EDRF-NO) and is synthesized from L-arginine. 
EDRF mimics nitroglycerine by stimulating guanylate cyclase in vascular 
smooth muscle resulting in an increase in cyclic GMP and subsequent 
relaxation. Studies in which the formation of EDRF is inhibited by N 00 - 
monomethyl-L-arginine (L-NMMA) indicate that the endothelium 
continuously releases EDRF to regulate basal vascular tone. Thus, the 
endothelium mediates both acute changes in local blood flow as well as 
ambient regulation of blood pressure. 

Risk factors for the development of atherosclerosis such as 
high blood pressure, smoking, diabetes, hyperlipidemia and 
hypercholesterolemia have been related to abnormal responses by the 
vascular endothelium to secrete EDRF which normally functions to dilate 
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the blood vessel. Under normal physiological conditions, the endogenous 
dilator secreted by the vascular endothelium causes relaxation of the 
underlying smooth muscle in the blood vessel and dilation of the blood 
vessel. The normal state of the cardiovascular system is one of active 
vasodilation dependent on the continuous generation of NO by the 
vascular endothelium. In the absence of the endogenous vasodilator, the 
blood vessels constrict, resulting in a decrease in the blood supply. These 
effects may contribute to the production of ischemic syndromes such as 
angina pectoris, myocardial infarctions, coronary artery disease (CAD), 
hypertension, cerebrovascular accidents, transient ischemic attacks, 
chronic obstructive pulmonary disease, chronic hypoxic lung disease, 
pulmonary hypertension, renal hypertension, chronic renal disease, 
microvascular complications of diabetes and vasoocclusive complications 
of sickle cell anemia. 

Several pathological conditions impair endothelium- 
dependent vasodilation. Atherosclerosis reduces endothelium-dependent 
relaxation in vitro and in vivo in arteries from animals fed high 
cholesterol diets (Frieman et al. Circ. Res. 58:783-789, 1986) and in 
humans with atherosclerotic coronary artery disease (Forstermann et al., 
Circ. Res. 62:185-190, 1988, and Zieher et al. Circ. 83:391-401, 1991). 
Hypercholesterolemia also causes abnormalities in vascular function; 
these may predate the development of atherosclerosis. Specifically, 
hypercholesterolemia impairs endothelium-dependent vasodilation in 
vitro and in vivo. Vascular endothelial dysfunction in a setting of 
hyperlipidemia in the human forearm has recently been described 
(Creager et al. /. Clin. Invest. 86:228-234, 1990). The contribution made 
by the endothelium to the regulation of vascular tone varies among 
different vascular beds and test animals. 

The vascular beds are physically separate entities. The 
importance of ischemic spasm in different vascular beds may vary. 

Wada et al. (Am. J. Hematology 44: 112-116, 1993) have 
conducted a study with pravastatin in patients with hypercholesterolemia, 
in which they postulate that since pravastatin significantly reduced 
plasma levels of plasminogen activating inhibitor I (PAI-I) and 
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thrombomoduliii (TM), it is possible that it might ameliorate vascular 
endothelial cell injury. The reference focused on the coagulation aspects 
of vascular endothelial function and not the spastic function of the 
vascular endothelium. It is suggested that amelioration of 
hypofibrinolysis might produce a reduction in vascular endothelial cell 
markers. 

Research is ongoing to develop noninvasive diagnostic tests 
to detect vascular endothelial dysfunction. The pathophysiological 
relationship between abnormal vascular endothelium-dependent response 
and clinical symptoms of both chronic and acute myocardial ischemia is 
also under investigation. 

One diagnostic agent used to measure endothelial 
dysfunction is acetylcholine (ACh). Muscarinic receptors for ACh are 
present on both vascular endothelial and smooth muscle cells. In the 
presence of an intact endothelium, infusion of ACh stimulates EDRF 
release and relaxes the underlying smooth muscles causing vasodilation. 
However, when the endothelial function is abnormal, ACh paradoxically 
produces vasoconstriction due to an unopposed, direct reflection on the 
vascular smooth muscle. ACh constricts human atherosclerotic 
epicardial vessels because the vascular endothelium is dysfunctional in 
those arteries. Although it is unlikely that ACh plays a major role in the 
regulation of vascular tone in vivo (because most blood vessels lack 
cholinergic innervation), ACh is a reliable and sensitive test agent for 
evaluating the normal endothelial cell function and the capacity of the 
vascular endothelium to cause vasodilation. 

Currently, angina due to myocardial ischemia is treated with 
chronic administration of vasodilators such as long-acting nitrates, 
syndomine derivatives, calcium channel blockers, (3-blockers, and/or use 
of short-acting nitrates. These therapies have the drawbacks of the 
development of tolerance to the pharmacologic agents and/or the 
development of rebound effects. Furthermore, when effective, these 
vasodilators produce a basal state of vasodilation, and at times of 
increased demand, such as exercise or emotional stress, these agents are 
ineffective and may hinder acute responses to stimuli. These therapeutic 
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approaches treat only one aspect of endothelial dysfunction and do not 
normalize vascular endothelium function, as does the method of 
treatment of the present invention. The present invention improves and 
augments all endogenous functions served by the endothelium. 

HMG-CoA reductase inhibitors are known to function as 
antihypercholesterolemic agents. They reduce hepatic cholesterol 
biosynthesis by inhibiting the enzyme HMG-CoA reductase which 
catalyzes the early, rate-limiting step in the biosynthesis of cholesterol, 
the conversion of hydroxymethylglutarate to mevalonate. Commercially 
available HMG-CoA reductase inhibitors include MEVACOR® 
(lovastatin), ZOCOR® (simvastatin), and PRAVACHOL® (pravastatin). 
The HMG-CoA reductase inhibitor fluvastatin has recently been 
approved in some markets. 



20 
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Lovastatin and simvastatin are administered in the form of 
the lactone prodrugs shown above which are hydrolyzed in the liver to 
the active open fJ-hydroxyacid form. 

Osborne et al. (/. Clin. Invest. 83: 465-473, 1989) and 
Harrison et al. (J. Clin. Invest. 80: 1808-181 1, 1987) report that rabbits 
and monkeys show improvement in vascular endothelial responsiveness 
to vasodilatory stimuli following lowering of serum cholesterol. 
However, the literature in animal models concerning this subject is highly 

1 Q variable: different species and different vascular beds show variable 

levels of abnormality and recovery. Therefore, while it is encouraging to 
see positive results in animals, these results are not predictive of the 
response in humans. 

Rutschmann et al. (1992) demonstrated that a reduced post 
ischemic blood flow response in the human radial artery observed in 
patients with hypercholesterolemia was restored to normal following two 
years of treatment with simvastatin (between group comparisons only). 

Leung et al., (Lancet 341: 1496-1500, 1993) found that 
treatment with diet and cholestyramine improved coronary endothelium- 
2q dependent relaxation in patients with angiographically normal arteries . 

DETAn ,F.n DRSCRTPTT QN OF THR 1NVFNTTON 

The novel method of treatment of this invention comprises 
the administration to a patient at risk of developing atherosclerosis or a 

2 patient in whom the disease has been diagnosed with an HMG-CoA 
reductase inhibitor to restore endogenous vascular endothelium 
dependent activities including improving the normal dilation capacity of 
the endothelium. This method may be used to induce vasodilation to 
modulate vascular tone and blood flow. Other improvements in vascular 
endothelium dependent activities include decreasing the adherent 
properties of the blood vessel walls and decreasing the coagulation of 
platelets. Suitable subjects for the method of the present invention 
include those individuals who currently exhibit symptoms of 
atherosclerosis and those who are at risk of developing various acute 
ischemic syndromes including individuals with high blood pressure, 
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diabetes or hyperlipidemia, and individuals who smoke. Current efforts 
to develop non-invasive (ultrasound detection) methods to assess 
endothelial function will potentially identify other patients at risk. 

The various acute ischemic syndromes that may be treated 
by the method of the present invention include: angina pectoris, coronary 
artery disease (CAD), hypertension, cerebrovascular accidents, transient 
ischemic attacks, chronic obstmctive pulmonary disease, chronic hypoxic 
lung disease, pulmonary hypertension, renal hypertension, chronic renal 
disease, microvascular complications of diabetes and vasoocclusive 
complications of sickle cell anemia. 

The HMG-CoA reductase inhibitor for use in the novel 
method may be selected from lovastatin, simvastatin, pravastatin and 
fluvastatin, preferably lovastatin or simvastatin, most preferably 
lovastatin. 

The doses of HMG-CoA reductase inhibitor contemplated 
for use in this invention are about 5 to 80 mg per day preferably given in 
single or divided doses. 

Preferably, the patient is placed on a prudent lipid-lowering 
diet during the treatment with the HMG-CoA reductase inhibitors. 

Lipid lowering therapy with HMG-CoA reductase inhibitors 
normalizes vascular function in patients with hypercholesterolemia 
and/or coronary artery disease without the requirement for significant 
regression of the atherosclerotic lesions. The coronary microcirculation, 
which demonstrates significantly impaired endothelium dependent 
dilatory responses in the presence of hypercholesterolemia and 
atherosclerotic disease, but is usually free of atheroma, is likely to show 
marked improvement demonstrating the ability of lipid lowering therapy 
to halt the progression and/or promote regression of atherosclerosis in 
epicardial arteries in humans. 

The following example is given for the purpose of 
illustrating the present invention and shall not be construed as being 
limitations on the scope or spirit of the invention. 
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EXAMPLE 1 

Twenty three patients undergoing angioplasty in the 
5 Lovastatin Restenosis Trial were entered into a double-blind randomized 
4-site study. Each patient received either 40 mg lovastatin twice a day or 
a placebo beginning 7 to 10 days before the angioplasty and continuing 6 
months after the angioplasty. 

Each patient was infused for 2 minutes each with 
i o acetylcholine (ACh, an endothelial dependent agent) at 1 0-9 M, 1 0"8 M, 
10" 7 M, 10-6 M, and with Nitroglycerin (NTG, an endothelial 
independent agent) at 40 micrograms for 2.5 minutes. The mean lumen 
diameter change between treatment groups was compared after ACh and 
NTG infusions at 7-10 days and at 6 months. 

15 Results: 

Maximum Response to ACh (mean % change. i n lumen tinmrte.r) 
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7-10 days 
0*23) 


-10 


-9 


N.S. 


-27 


-30 N.S. 


6 months 
(n=19) 


-13 


-2 


0.04 


-19 


-3 0.007 



The response to nitroglycerin was unaffected by the 

treatment. 

Although the study above has no true baseline, the following 
conclusions may be drawn from the data. First, both the lovastatin and 
placebo groups were similar at 7 to 10 days for both the average and most 
constricting segments. Second, at 6 months there was less constriction in 
the lovastatin group compared to the placebo for the average of all five 
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segments per vessel and in the most constricting segment in that vessel. 
The within group differences for the lovastatin group was marginally 
significant for all segments and significant for the most constricting 
segment (p=0.04). 

While the foregoing specification teaches the principles of 
the present invention, with examples provided for the purpose of 
illustration, it will be understood that the practice of the invention 
encompasses all of the casual variations, adaptations, modifications, 
deletions, or additions of procedures and protocols described herein, as 
come within the scope of the following claims and its equivalents. 
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WHAT IS CLATMFD TS- 

1 . A method of restoring endogenous vascular 

s endothelium dependent activities selected from: preventing coagulation 
of platelets, decreasing the adherent properties of blood vessel walls, and 
inducing vasodilation to modulate vascular tone and blood flow, which 
comprises the administration, to a human patient at risk of developing 
atherosclerosis or a patient with atherosclerosis of a therapeutically 

i q effective dose of a HMG-CoA reductase inhibitor. 

2. The method of Claim 1 wherein the HMG-CoA 
reductase inhibitor is lovastatin, simvastatin, pravastatin or fluvastatin. 

15 3 - The method of Claim 2 wherein the dose of HMG- 

CoA reductase inhibitor is about 5 to 80 mg/day. 

4. The method of Claim 3 wherein the HMG-CoA 
reductase inhibitor is lovastatin or simvastatin. 

20 

5. The method of Claim 4 wherein the HMG-CoA 
reductase inhibitor is lovastatin. 

6. The method of Claim 5 wherein the dose of lovastatin 
25 is 10 to 80 mg per day. 

7. The method of Claim 6 wherein the dose of lovastatin 
is 80 mg per day. 

3 0 8. The method of Claim 4 wherein the HMG-CoA 

reductase inhibitor is simvastatin. 

9. The method of Claim 8 wherein the dose of 
simvastatin is 5 to 40 mg per day. 
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10. The method of Claim 9 wherein the dose of 
simvastatin is 40 mg per day. 

1 1 . The method of Claim 1 wherein the patient is at risk 
of developing atherosclerosis. 

12. The method of Claim 1 wherein the patient has 
atherosclerosis. 

13. The method of Claim 1 to prevent coagulation of 

platelets. 

14. The method of Claim 1 to decrease the adherent 
properties of blood vessel walls. 

15. The method of Claim 1 to induce vasodilation to 
modulate vascular tone and blood flow. 

16. The method of Claim 1 which additionally comprises 
placing the patient on a lipid-lowering diet. 

17. A method of preventing diseases associated with 
endothelial dysfunction selected from: 



00 


angina pectoris, 


(b) 


myocardial infarctions, 


(c) 


coronary artery disease, 


(d) 


hypertension, 


(e) 


cerebrovascular accidents, 


CO 


transient ischemic attacks, 


(g) 


chronic obstructive pulmonary 


00 


chronic hypoxic lung disease, 


(i) 


pulmonary hypertension, 


(j) 


renal hypertension, 


(k) 


chronic renal disease, 
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(1) microvascular complications of diabetes, and 
(m) vasoocclusive complications of sickle cell anemia 
which comprises the administration to a human patient of a 
therapeutically effective dose of an HMG-CoA reductase inhibitor. 

18. The method of Claim 17 wherein the dose of the 
HMG-CoA reductase inhibitor is from 5 to 80 mg per day. 

1 9. The method of Claim 1 8 wherein the HMG-CoA 
reductase inhibitor is selected from lovastatin and simvastatin. 

20 The method of Claim 1 9 which additionally comprises 
placing the patient on a lipid-lowering diet. 

21 . A method of treating diseases associated with 
endothelial dysfunction selected from: 



(a) 


angina pectoris, 


(b) 


myocardial infarction; 


(c) 


coronary artery disease, 


(d) 


hypertension, 


(e) 


cerebrovascular accidents, 


(f) 


transient ischemic attacks, 


(g) 


chronic obstructive pulmonary disease, 


(h) 


chronic hypoxic lung disease, 


(i) 


pulmonary hypertension, 


0) 


renal hypertension, 


00 


chronic renal disease, 


(1) 


microvascular complications of diabetes, and 


(m) 


vasoocclusive complications of sickle cell anemia 



which comprises the administration to a human patient of a 
therapeutically effective dose of an HMG-CoA reductase inhibitor. 

22. The method of Claim 21 wherein the dose of the 
HMG-CoA reductase inhibitor is from 5 to 80 mg per day. 
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23 . The method of Claim 22 wherein the HMG-CoA 
reductase inhibitor is selected from lovastatin and simvastatin. 

24. The method of Claim 23 which additionally comprises 
placing the patient on a lipid-lowering diet. 
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